In order to assess and understand human behavior, traditional approaches to experimental design incorporate testing tools that are often artificial and devoid of corporeal features. Whilst these offer experimental control in situations in which, methodologically, real behaviors cannot be examined, there is increasing evidence that responses given in these contextually deprived experiments fail to trigger genuine responses. This may result from a lack of consideration regarding the material makeup and associations connected with the fabric of experimental tools. In a twoyear collaboration, we began to experiment with the physicality of testing tools using the domain of moral psychology as a case study. This collaboration involved thinkering and prototyping methods that included direct contact and consideration of the materials involved in experimentation. Having explored the embodied nature of morality, we combined approaches from experimental psychology, moral philosophy, design thinking, and computer science to create a new testing tool for simulated moral behavior. Although the testing tool itself generated fruitful results, this paper considers the collaborative methodology through which it was produced as a route to highlight material questions within psychological research.
In this paper, we suggest that prototyping techniques from arts and design practice can enrich ideation when developing fresh or novel research questions. The act of prototyping discussed here has offered insights arising through an on-going collaboration that explored thinking through making 1 to create a physical tool for psychology experimentation.
Thinking through Making
Thinking through writing is part and parcel of many academic disciplines. However, in the sciences, thinking through making is less explored. This is somewhat surprising, given that in the experimental sciences, the process of designing methodology is integral to the research process. For a psychologist, designing a questionnaire, for example, will involve the formulation and psychometric assessment of items (i.e., questions) designed to measure a particular construct (Kline, 2015) . For a graphic designer on the other hand, designing a questionnaire will involve the consideration of font, paper, layout, and coloring. Both the design of the questions and the design of the physical page can have an effect on the outcome (e.g., Christensen, Flexas, Calabrese, Gut, & Gomila, 2014) . 2 The process of "mak ing" 3 experimental materials, in terms of its ability to engender new ideas for research, is particularly uncommon in the social sciences. Although psychology acknowledges that interacting with the materiality of our environment is crucial to the way we develop our ability to think and act (e.g., see Piaget, 1976) , the integration of material culture in psychology research is still "terra incognita" (Moro, 2015) . What often remains unexplored in experimental psychology is the link between this direct engagement with physical materials and the measurement of phenomena (Briazu, Francis, & Haines, 2015) . Introducing questions concerned with making can motivate new inquiries in experimental science; how might the physical attributes and stylistic decisions that form the testing tool detach or engage the participant, subsequently influencing the outcome of interest?
Dilemmas of Morality and Measurement
In previous work, we have considered the extent to which incorporating rhetorical and abstracted testing tools, such as questionnaires, can allow approximation of realworld phenomena (Briazu et al., 2015) . More specifically, in the domain of moral psychology, we outlined concerns regarding the hypothetical nature of moral dilemmas, seeking to approximate moral decision-making. Using the footbridge dilemma 4 as a case study (see Figure 1) , we challenged the representation of moral conflicts in textbased vignettes and the dichotomous nature of the questions following these, seeking to measure morality. 5 Crucially, although these rhetorical materials have provided the foundation for many models of moral decision-making, the materials themselves often fail to uncover valid insights into how people would react to and feel in moral dilemmas, given that they motivate a certain degree of disengagement (Briazu et al., 2015; Terbeck & Francis, in press) . By introducing inductive approaches from design research to debates concerning the artificial nature of experimental materials and by adopting a thinking through making approach, we considered the creation of a testing tool that could "establish a physical coupling between experiment and participant" (Briazu et al., 2015, p. 29) . In short, our project sought to interrogate and prioritize the physicality of the footbridge dilemma. While previous research had attempted to depart from theoretical instances of these moral dilemmas by generating visually salient scenarios using virtual reality (VR; see Figure 2 ; e.g., Francis et al., 2016; Patil, Cogoni, Zangrando, Chittaro, & Silani, 2014) , this research has yet to consider the significance of physical salience in moral dilemmas; what would happen if making a moral decision felt real? 6 This is where a practice-based methodology can offer insights. We examined the function of tactile feedback in resembling the embodiment of realistic actions. Adopting this approach, thus, laid the foundations for the development of an interdisciplinary moral testing tool, shaped by aesthetic realism, haptic momentum, and tactile sensation (Briazu et al., 2015) . 
Distorted Dimensions
Using our initial inquiry as motivation, we began to work on "Distorted Dimensions," an installation designed to situate the measurement of simulated moral actions in corporeal and tangible environments. In the installation, a virtuallyconstructed footbridge dilemma was simulated using the Oculus Rift and a life-like sculpture of the stranger on the footbridge was built to echo its virtual counterpart. The design of the sculpture or testing tool, which was the focal point of Distorted Dimensions, pivoted around three central aims. Firstly, the mechanics of the sculpture were designed for interaction, allowing the sculpture to replace typical testing tools such as joystick controllers (Francis et al., 2016; Patil et al., 2014) . Secondly, aesthetic realism and tactile sensation were simulated through expandable foam and platinum grade silicone. Finally, the sculpture's weight allowed for the haptic simulacrum of a body free-falling if pushed (see Figure 3 ). Utilizing this tool allowed us to measure realistic simulations of moral actions and, unlike previous research, also permitted the examination of embodiment and personal force in moral decision-making (Francis et al., 2017) . 7 
The Making of Morality
While the sculpture advanced our understanding of simulated moral actions, these research aims were not the sole outcomes of Distorted Dimensions. There were a number of other aspects at play during the process of the installation's production. In the same way that Christopher Small describes music as being an ideal figment of what he describes as the action of "musicking," (Small, 1998) our sculpture was a figment of the making. The sculpture itself contains traces of decisions that were made during our collaboration and these are visible in its form. In the action of making, aspects of our environment and our personalities played a role in the physical prototype; external conditions dented the trajectory of the making process, altering what it became. In our development of the sculpture, our aim was to facilitate, and not hinder, the flow of the making process and the materials that we were using. Alt hough the object was successful in achieving the initial research aims described above, it was our regard for the making process that prompted and nurtured our insights into collaboration and material (see Figure 4) . It was an active engagement with the materials that shaped our experimental device, allowing for a more thorough construction of the participant's experience and understanding of the topic at hand. 8 Crucially, in order to create an object that can "speak" to an audience in a sensory fashion, we should focus on understanding the agency of the materials that we are using. After all, a practitioner must work with their material to produce form. Ingold (2010) likens this to a carpenter following the grain of the wood with an axe in order to generate a favorable cut. The makeup of the materials that we are using also has a "grain." For example, the controllers, questionnaires, silicones and VR in our installation are not inert and it is imperative to consider all of these materials as dynamic. This "grain" represents the complexity of materiality that is often neglected in experimental science, perhaps as a result of scientific reductionism and its motivation to form explanations of the natural world. Taking the complexity of materials into account, the interaction between sculpture and the virtual environment allowed us to shape an experience that was far more provocative and analogous to real-life action than what might be construed by a testing tool that had not been considered in this way. From an experimental point of view, understanding this "grain," becomes pivotal in creating the bond between participant and experiment.
Collaborative Thinkering
As John Seely Brown suggests, the process of prototyping in this fashion might be described as "thinkering." Antonelli (2011) describes this as a form of productive tinkering that involves testing and adjusting with "like-minded spirits and engaging with the world in an open, constructive collaboration" (para. 1). Commonplace strategies for problem-solving and ideation are often constrained by disciplinary norms, but through "collaborative bricolage or tinkering" (Innes & Booher, 1999, p. 12) , here defined as thinkering, novel strategies for ideation can develop through "learning-by-doing" (e.g., Donahue, 2014) as group members combine existing ideas, methods, and scenarios to create something new (Innes & Booher, 1999) . This collaborative component has been paramount in our work, in both its processes and outcomes; the iterative process of making was invaluable in fostering our creativity and prompting discovery (Donahue, 2014) . Most importantly, this process allowed for the emergence of a dynamic system which enabled an open and judgment-free exchange of ideas between disciplines (e.g., Donahue, 2014). In our collaboration, thinkering involved "interacting with a web of knowledge, tools, and distributed communities of practice" (Brown, 2009, p. 4) , a working process that fostered a collaborative attitude which was both inspiring and motivating.
Crucially, it seems that it is the willingness to embrace interdisciplinary approaches openly that can enrich fields of research that are so often constrained by single disciplinary approaches. To date, the methods that enable designers and scientists to collaborate in scientific research have been largely overlooked (Peralta & Moultrie, 2010) . We propose that thinkering can provide a stage for the manifestation of humor, personal empathy, and proximity between researchers, which Epstein (2005) regards as essential for collaboration. After all, perhaps the most important aspect of thinkering for the 21 st century is "listening with humility with an open mind" (Brown, 2009, p. 8) , and we suggest that this approach be unobstructed by disciplinary boundaries. Using collaborative thinkering in this way has allowed us to examine and consider our interactions with the physical material of the world around us, generating mutual insights into psychology, philosophy, and design. 
Implications for Measurement in Morality Research
According to Jonathan Haidt (2001) , moral judgements are based upon intuitiona fast and unconscious process that is heavily dependent on context. Reasoning comes afterwards and sustains our judgements with well-constructed arguments. As such, "moral judgements should be studied as an interpersonal process" (Haidt, 2001, p. 814) , because oftentimes our moral responses and actions are influenced by the cultural norms that shape our current thinking. Therefore, it is important to incorporate emotions, actions and the wider context when we are trying to study morality and moral decision-making in the lab. In the end, this is why these kinds of decision are so hard to make: the person facing a moral dilemma is completely involved in the situation, both cognitively and emotionally. As an example, we might consider the Stanford prison experiment (Zimbardo, Haney, Banks, & Jaffe, 1971) . Although controversial, it offered valuable information on how the ecological validity of the experimental context (the 'prison-like' setting, the uniforms of the guards, the rules that were set, etc.) contributed to the shocking decisions made by the 'guards.' In this case, the complete immersion of the participants in the set blurred the lines between reality and 'fantasy,' permitting an insight into how power and authority distorts our thinking and moral actions.
General Implications for Research Methodology
The research conducted by the three authors demonstrates the importance of creating experimental contexts and tools that can produce a 'natural' response from the participant. Given that a person learns and encodes his/her experiences using the sensory-motor neural networks (and others), as the embodied cognition approach states (Barsalou, 2008) , recreating the elements of a real situation might produce a similar activation pattern in the brain, thus eliciting a more authentic response from the participant. Therefore, experimental contexts and tools that closely resemble those found in real-life might offer the best of both worlds: they improve the reliability and validity of the participants' responses, while still having a more controlled setting that allows us to draw more solid or causal conclusions. Moreover, the process of creating a research tool offers a good opportunity for the researcher to anticipate variables that might influence the result of the test. While involved in 'the making' of tools, the experimenter becomes a part of the process. And this might make him more cognizant about how the testing situation would go and how the person being tested would react.
Second response to "Thinkering through Experiments: Nurturing Transdisciplinary Approaches to the Design of Testing Tools" by Joanna Griffin
The "footbridge dilemma," or "trolley problem," which is the inspiration for the "thinkering" experiments carried out by the co-authors, has a strong aesthetic. It is a moral psychology problem with a history, even folklore, attached to it. It has a certain timelessness: A tool from the 1960s and 70s associated with work by Phillipa Foot and Judith Thompson, but doubtless drawing on much older stories and riddles that involve listeners, participants and interlocutors in deep engagements with moral questions and contexts. It is a "classic" moral psychology test, coming from the same roots perhaps as the infamous Milgram experiment in which participant "experimenters" were asked to increase the electric shock given to so-called "learners." In that test a theater of authority was created through the materiality of lab coats, control panels, the separation of experimenter from subject as well as through the guiding performance of the scientist-organizers. It highlighted how surreptitious forms of violence become possible when the test is bracketed off from reality and was apparently motivated by Eichmann's acquiescence to violence when he followed orders that allowed holocaust genocide. From my perspective, as an artist, the "footbridge dilemma," has all the traits of a surrealist ruse: it involves potential violence and questions of morality, both attractive to 1930s Surrealist group sensibilities and, crucially, a degree of detachment from everyday reality.
In the redesign of the test you describe, I was struck by the explanation of how mak ing opened your sense of the participant experience of the moral dilemma. The test became a "figment of the making," its constitution, and in particular, your own bonds with the experiment, became tangible "allowing for a more thorough construction of the participant's experience." It is these questions of experience and access to experience and how access shifts through making or other creative activities that I want to briefly focus on and point to a text by Sundar Sarukkai in a dialogue anthology with social anthropologist Gopal Guru, The Cracked Mirror: An Indian Debate on Experience and Theory (2012) . Sarrukkai and Guru debate who has the moral right to theorize another's experience. Their moral question focuses on whether a nonDalit can speculate on what the experience of a Dalit person is, when the prerequisite for being of this community is that there is no escape from caste: To dip in and out as an ethnographer, Guru argues, is immoral. Sarukkai responds that if our experiences are co-constructed and shared to some extent, there is moral ground to interpret, and he asks: "Is an individual the author of her experiences?" (Guru, 2012, p. 38) . This discussion helped me to unpack the experiences of those who made the Chan drayaan spacecraft, also an experimental scientific instrument (Griffin, 2014) . It also bears on the paper's insights into "thinkering," because the question of what constitutes an experience is embroiled in questions of "what is the test?" and where
